Expansion of the substrate range of the gentisate 1,2-dioxygenase from Corynebacterium glutamicum for the conversion of monohydroxylated benzoates.
The gentisate 1,2-dioxygenases (GDOs) from Corynebacterium glutamicum and various other organisms oxidatively cleave the aromatic nucleus of gentisate (2,5-dihydroxybenzoate), but are not able to convert salicylate (2-hydroxybenzoate). In contrast, the α-proteobacterium Pseudaminobacter salicylatoxidans synthesises an enzyme ('salicylate dioxygenase', SDO) which cleaves gentisate, but also (substituted) salicylate(s). Sequence comparisons showed that the SDO belongs to a group of GDOs mainly originating from Gram-positive bacteria which also include the GDO from C. glutamicum ATCC 13032. The combination of sequence comparisons with previously performed structural and mutational analyses of the SDO allowed to identify an amino acid residue (Ala112) which might prevent the oxidation of (substituted) salicylate(s) by the GDO from C. glutamicum Therefore, the relevant mutation (Ala→Gly) was introduced into the GDO from C. glutamicum The GDO variant obtained gained the ability to oxidise salicylate and several other monohydroxylated substrates. In order to screen a broader range of enzyme variants a chromogenic assay was developed which allowed the detection of bacterial colonies converting salicylate. The applicability of this test system was proven by screening a set of GDO variants obtained by saturation mutagenesis at different positions. This demonstrated that also GDO variants carrying the mutations Ala112→Ser, Ala112→Ile and Ala112→Asp converted salicylate.